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(57) ABSTRACT

A complementary Colpitts voltage-controlled oscillator hav-
ing the properties of low power and low phase noise are
disclosed. The disclosed complementary Colpitts voltage-
controlled oscillator includes: a first circuit composed as a
PMOS Colpitts voltage-controlled oscillator having a first
PMOS ftransistor, a first current source, a first capacitor, a
second capacitor, and a first inductor but with the first induc-
tor removed; a second circuit composed as an NMOS Colpitts
voltage-controlled oscillator having a first NMOS transistor,
a second current source, a third capacitor, a fourth capacitor,
and a second inductor but with the second inductor removed;
and a first transformer and a second transformer arranged
between the first circuit and the second circuit.

5 Claims, 9 Drawing Sheets
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1
COMPLEMENTARY COLPITTS VOLTAGE
CONTROLLED OSCILLATOR WITH LOW

POWER AND LOW PHASE NOISE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Korean Application No.
10-2013-0168599 filed on Dec. 31, 2013, which is incorpo-
rated herein by reference.

TECHNICAL FIELD

The embodiments of the present invention relate to a Col-
pitts voltage-controlled oscillator, more particularly to a
complementary Colpitts voltage-controlled oscillator having
the properties of low power and low phase noise.

BACKGROUND ART

A voltage-controlled oscillator (VCO) refers to a device
that generates a desired frequency signal by altering a voltage
applied from the outside, and is mainly used for wireless
communication in analog sound mixing devices, mobile com-
munication terminals, and the like.

FIG. 1A and FIG. 1B are circuit diagrams illustrating Col-
pitts voltage-controlled oscillators according to the related
art.

A Colpitts voltage-controlled oscillator according to the
related art, as illustrated in FIG. 1A and FIG. 1B, may be a
PMOS Colpitts voltage-controlled oscillator (FIG. 1A) or an
NMOS Colpitts voltage-controlled oscillator (FIG. 1B), each
of'which may include a MOS transistor Q, two capacitors C1,
C2, an inductor L, and a current source IB for biasing.

A conventional Colpitts voltage-controlled oscillator may
have cyclostationary statistic properties, and may have a low
phase noise property due to its inherent resistance to flicker
and thermal noises of active components.

However, the conventional Colpitts voltage-controlled
oscillator may entail the drawback or requiring a relatively
larger amount of current for generating the same negative Gm
compared to a differential cross-coupled oscillator. Thus,
there is a need for the development of a Colpitts voltage-
controlled oscillator having improved power and phase noise
properties.

SUMMARY

To resolve the problems described above, an aspect of the
invention aims to provide a complementary Colpitts voltage-
controlled oscillator having low power and low phase noise
properties.

Other objectives of the invention can be derived by those
skilled in the art from the embodiments described herein.

To achieve the objective above, an embodiment of the
invention provides a complementary Colpitts voltage-con-
trolled oscillator that includes: a first circuit composed as a
PMOS Colpitts voltage-controlled oscillator having a first
PMOS ftransistor, a first current source, a first capacitor, a
second capacitor, and a first inductor but with the first induc-
tor removed; a second circuit composed as an NMOS Colpitts
voltage-controlled oscillator having a first NMOS transistor,
a second current source, a third capacitor, a fourth capacitor,
and a second inductor but with the second inductor removed;
and a first transformer and a second transformer arranged
between the first circuit and the second circuit.
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One end of the primary winding of the first transformer
may be connected with a gate electrode of the first PMOS
transistor; one end of the secondary winding of'the first trans-
former may be connected with a drain electrode of the first
PMOS transistor; the other end of the primary winding of the
first transformer and the other end of the secondary winding
of'the first transformer may be connected with node A, which
corresponds to an AC ground; one end of the primary winding
of the second transformer may be connected with a gate
electrode of the first NMOS transistor; one end of the second-
ary winding of the second transformer may be connected with
a drain electrode of the first NMOS transistor; and the other
end of the primary winding of the second transformer and the
other end of the secondary winding of the second transformer
may be connected with node A.

The input end of the first current source may be connected
with one end of the first capacitor; the output end of the first
current source may be connected with a source electrode of
the first PMOS transistor, the other end of the first capacitor,
and one end of the second capacitor; the other end of the
second capacitor may be connected with the drain electrode
of'the first PMOS transistor and the one end of the secondary
winding of the first transformer; the input end of the second
current source may be connected with a source electrode of
the first NMOS transistor, the other end of the third capacitor,
and one end of the fourth capacitor; the output end of the
second current source may be connected with the other end of
the fourth capacitor; and one end of the third capacitor may be
connected with a drain electrode of the first NMOS transistor
and the other end of the secondary winding of the second
transformer.

The first current source may be composed as a second
PMOS transistor, with a source electrode of the second
PMOS transistor corresponding to the input end of the first
current source, and a drain electrode of the second PMOS
transistor corresponding to the output end of the first current
source, a gate electrode of the second PMOS transistor may
be connected with node A, while the second current source
may be composed as a second NMOS transistor, with a drain
electrode of the second NMOS transistor corresponding to
the input end of the second current source, and a source
electrode of the second PMOS transistor corresponding to the
output end of the second current source, and a gate electrode
of'the second NMOS transistor may be connected with node
A.

Another embodiment of the invention provides a Colpitts
voltage-controlled oscillator that includes: a first PMOS tran-
sistor and a first NMOS transistor connected complementa-
rily; a first transformer having one end of its primary winding
connected with a gate electrode of the first PMOS transistor,
having one end of its secondary winding connected with a
drain electrode of the first PMOS transistor, and having the
other end of its primary winding thereof the other end of its
secondary winding connected with node A, which corre-
sponds to an AC ground; a second transformer having one end
of'its primary winding connected with a gate electrode of the
first NMOS transistor, having one end of its secondary wind-
ing connected with a drain electrode of the first NMOS tran-
sistor, and having the other end of'its primary winding and the
other end of its secondary winding connected with node A.

A complementary Colpitts voltage-controlled oscillator
according to an embodiment of the invention can provide the
advantages of low power and low phase noise properties.

Additional aspects and advantages of the present invention
will be set forth in part in the description which follows, and
in part will be obvious from the description, or may be learned
by practice of the invention.



US 9,312,810 B2

3
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A and FIG. 1B are circuit diagrams illustrating Col-
pitts voltage-controlled oscillators according to the related
art.

FIG. 2 and FIG. 3 are circuit diagrams illustrating a
complementary  Colpitts  voltage-controlled oscillator
according to an embodiment of the invention.

FIG. 4A and FIG. 4B are diagrams illustrating the need for
forming the complementary Colpitts voltage-controlled
oscillator of FIG. 2.

FIG. 5 illustrates a circuit composition in which a varactor
for frequency tuning and an output buffer are added to the
diagram of FIG. 3.

FIG. 6 illustrates a half equivalent circuit of the circuit
shown in FIG. 5.

FIG. 7 illustrates a circuit composition modeling the first
transformer and the second transformer.

DETAILED DESCRIPTION

As the present invention allows for various changes and
numerous embodiments, particular embodiments will be
illustrated in the drawings and described in detail in the writ-
ten description. However, this is not intended to limit the
present invention to particular modes of practice, and it is to
be appreciated that all changes, equivalents, and substitutes
that do not depart from the spirit and technical scope of the
present invention are encompassed in the present invention.
In describing the drawings, like reference numerals are used
for like elements.

When an element is mentioned to be “connected” or
“joined” to another element, this may mean that it is directly
connected or joined to the other element, but it is to be
understood that yet another element may exist in-between.
On the other hand, when a component is mentioned to be
“directly connected” or “directly joined” to another element,
it is to be understood that there are no other elements in-
between.

Certain embodiments of the invention will be described
below in more detail with reference to the accompanying
drawings.

FIG. 2 is a circuit diagram illustrating a complementary
Colpitts voltage-controlled oscillator according to an
embodiment of the invention.

Referring to FIG. 2, a complementary Colpitts voltage-
controlled oscillator 200 according to an embodiment of the
invention may include a first PMOS transistor Q1, a first
NMOS transistor Q2, four capacitors C1, C2, C3, C4, two
current sources IB1, IB2, a first transformer 230, and a second
transformer 240.

That is, the complementary Colpitts voltage-controlled
oscillator 200 may include a first circuit 210, a second circuit
220, a first transformer 230, and a second transformer 240.
Here, the first circuit 210 may be a circuit composed as a
conventional PMOS Colpitts voltage-controlled oscillator
that includes a first PMOS transistor Q1, a first current source
IB1, a first capacitor C1, a second capacitor C2, and a first
inductor, from which the first inductor is removed; the second
circuit 220 may be a circuit composed as a conventional
NMOS Colpitts voltage-controlled oscillator that includes a
first NMOS transistor Q2, a second current source [B2, a third
capacitor C3, a fourth capacitor C4, and a second inductor,
from which the second inductor is removed.

The connections of the complementary Colpitts voltage-
controlled oscillator 200 are described below.
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The PMOS transistor Q1 and the NMOS transistor Q2 may
be connected complementarily.

One end of the primary winding L1T of the first trans-
former 230 may be connected with a gate electrode of the first
PMOS transistor Q1, and one end of the secondary winding
L2T of the first transformer 230 may be connected with a
drain electrode of the first PMOS transistor Q1, while the
other end of the primary winding UT of the first transformer
230 and the other end of the secondary winding [.2T of the
first transformer 230 may be connected with node A, which
corresponds to an AC (alternating current) ground.

One end of the primary winding UT of the second trans-
former 240 may be connected with the gate electrode of the
first NMOS transistor 32, and one end of the secondary
winding L.2T of the second transformer 240 may be con-
nected with the drain electrode of the first NMOS transistor
Q2, while the other end of the primary winding [.1T of the
second transformer 240 and the other end of the secondary
winding L.2T of the second transformer 240 may be con-
nected with node A.

The input end of the first current source IB1 may be con-
nected with one end of the first capacitor C1; the output end of
the first current source IB1 may be connected with the source
electrode of the first PMOS transistor Q1, the other end of the
first capacitor C1, and one end of the second capacitor C2; and
the other end of the second capacitor C2 may be connected
with the drain electrode of the first PMOS transistor Q1 and
one end of the secondary winding [.2T of the first transformer
230.

The input end of the second current source IB2 may be
connected with the source electrode of the first NMOS tran-
sistor Q2, the other end of the third capacitor C3, and one end
of the fourth capacitor C4; the output end of the second
current source IB2 may be connected with the other end of the
fourth capacitor C4; and one end of the third capacitor C3
may be connected with the drain electrode of the first NMOS
transistor Q2 and the other end of the secondary winding [.2T
of the second transformer 240.

The first current source IB1 and the second current source
IB2 can each be implemented as a transistor, as illustrated in
FIG. 3.

Referring to FIG. 3, the first current source IB1 may be
composed as a second PMOS transistor QB1, where the
source electrode of the second PMOS transistor QB1 may
correspond to the input end of the first current source IB1, the
drain electrode of the second PMOS ftransistor QB1 may
correspond to the output end of the first current source IB1,
and the gate electrode of the second PMOS transistor QB1
may be connected with node A.

Also, the second current source IB2 may be composed as a
second NMOS transistor QB2, where the drain electrode of
the second NMOS transistor QB2 may correspond to the
input end of the second current source IB2, the source elec-
trode of the second NMOS transistor QB2 may correspond to
the output end of the second current source IB2, and the gate
electrode of the second NMOS transistor QB2 may be con-
nected with node A.

The forming of the complementary Colpitts voltage-con-
trolled oscillator 200 according to an embodiment of the
invention will be described below in more detail with refer-
ence to FIG. 4A and FIG. 4B.

FIG. 4A and FIG. 4B are diagrams illustrating the need for
forming the complementary Colpitts voltage-controlled
oscillator 200 of FIG. 2.

As described above for FIG. 1A and FIG. 1B, a conven-
tional PMOS Colpitts voltage-controlled oscillator and a
NMOS Colpitts voltage-controlled oscillator may each be
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composed of a PMOS/NMOS transistor Q, a current source
1B, two transistors C1, C2, and an inductor L.

Here, by having a PMOS Colpitts voltage-controlled oscil-
lator and a NMOS Colpitts voltage-controlled oscillator, such
as those illustrated in FIG. 4A, share an inductor L, a conven-
tional complementary Colpitts voltage-controlled oscillator
may be formed, as illustrated in FIG. 4B. However, in the case
of'a conventional complementary Colpitts voltage-controlled
oscillator, such as that illustrated in FIG. 4B, there is the
problem that three biases VB, IB1, IB2 are added.

Thus, to resolve this problem, a complementary Colpitts
voltage-controlled oscillator 200 based on an embodiment of
the invention, such as that shown in FIG. 2, may be used.

That is, in the case of a complementary Colpitts voltage-
controlled oscillator 200 based on an embodiment of the
invention shown in FIG. 2, there is no voltage (i.e. VB)
applied to the gate electrodes of the PMOS transistor and
NMOS transistor, and self-biasing is performed due to the
mutually connected first transformer 230 and second trans-
former 240, thereby reducing the applied bias.

To be more specific, the node A where the first transformer
230 and the second transformer 240 are connected can be
regarded as a ground from the perspective of AC, but from the
perspective of DC, a DC voltage of several mV (e.g. about
40-50 mV) may be applied, with the DC voltage of node A
enabling self-biasing.

Also, as the DC voltage of node A is changed in real time,
any mismatch in Gm (Gmp=Gmn) can be compensated.
Here, the DC voltage of node A may be determined by the
point at which the Gm of the PMOS transistor (Gmp) and the
Gm of the NMOS transistor (Gmn) become the same.

Also, as illustrated in FIG. 3, the first current source IB1
and the second current source IB2 can be composed as MOS
transistors, and in this case, there is the advantage that it is not
necessary to apply three gate biases.

In short, in a complementary Colpitts voltage-controlled
oscillator 200 according to an embodiment of the invention,
the inductors connected to the drain electrodes of the PMOS
transistor and NMOS transistor can be replaced with two
transformers, and by allowing self-biasing using the DC volt-
age at node A where the first transformer 230 and second
transformer 240 meet, it is possible to reduce the applied bias.

FIG. 5 illustrates a circuit composition in which a varactor
for frequency tuning and an output buffer are added to the
diagram of FIG. 3, and FIG. 6 illustrates a half equivalent
circuit of the circuit shown in FIG. 5 (i.e. an equivalent circuit
of the top half or bottom half with respect to node A).

First, referring to FIG. 6, the output voltage may be gen-
erated according to the amount of change in the current flow-
ing through the inductor L.2T corresponding to the secondary
winding L.2T of the transformers 230, 240, and this may be
expressed as Equation 1 shown below.

diy
Vour = LZTE

By Vou
Ter T Loy

[Equation 1]

Here, the drain electrode of the PMOS transistor or NMOS
transistor may be the output node, and this may be expressed
as Equation 2 shown below.

Vo=V, Equation 2
0~ Va q!

There is no current entering the gate electrode of the MOS
transistor, so that there is no voltage occurring at the inductor
UT corresponding to the primary winding of the transformer
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230, 240, and Vgs may be applied to the gate electrode. This
may be expressed as Equation 3 shown below.

n-vO:[KT

Here, gmVgs is the “amount of current supplied”, and by
substituting Equation 3 into Vgs, the following Equation 4
can be obtained.

Loy
&mVgs = &m|n+Kr oo
27

A complementary Colpitts voltage-controlled oscillator
200 according to an embodiment of the invention may have a
negative Gm property, and this can be generated from two
feedbacks. One is the feedback from the two capacitors C1,
C2 (capacitive feedback), and the other is magnetic coupling
using a transformer. Since the impedance of Cgs is greater
than the impedance of L.2T, Vgs may be determined by the
impedance dividing ratio of the feedback voltage and feed-
back current as shown in Equation 5 below.

[Equation 3]
Vout

n-vy = Mrp-
Ly

Ves = Mr+

En

Loy ]
2T,
Loy

[Equation 4]

Vs ==Vt M, [Equation 5]

Since the gate current ig is very small, the total negative
Gm of the half equivalent circuit can be expressed as Equation
6 shown below.

Loy
&mT = —8m| N+ K1 | 7— |"8n = &mn = &myp
Loy

Comparing Equation 4 with Equation 6, it can be seen that
the terms on the right are similar.

Also, the negative Gm may be boosted by the mutual
coupling factor of the transformers, and the gate inductance
may be made greater than the drain inductance in order to
maximize the negative Gm. Thus, the improved negative Gm
can reduce the power consumption of the complementary
Colpitts voltage-controlled oscillator 200. The oscillating fre-
quency of the Colpitts voltage-controlled oscillator 200 may
be determined mainly by the resonating frequency of the
drain, and this may be expressed as Equation 7 shown below.

[Equation 6]

1 [Equation 7]

fose = ————
22V Loy - (C1IC2 + Cv)

FIG. 7 illustrates a circuit composition modeling the first
transformer 230 and the second transformer 240. Here, Port1
represents the drain electrode of the first PMOS transistor Q1,
Port2 represents the drain electrode of the first NMOS tran-
sistor Q2, Port3 represents the gate electrode of the first
PMOS transistor Q1, and Port4 represents the gate electrode
of the first NMOS transistor Q2.

In summary, a complementary Colpitts voltage-controlled
oscillator 200 according to an embodiment of the invention
can have two transformers in place of the inductors that are
connected to the drain electrodes of the PMOS transistor and
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NMOS transistor. This enables self-biasing for a reduced
bias, and also allows a compensation for any mismatch in Gm
(Gmp=Gmn).

While the present invention has been described above
using particular examples, including specific elements, by
way of limited embodiments and drawings, it is to be appre-
ciated that these are provided merely to aid the overall under-
standing of the present invention, the present invention is not
to be limited to the embodiments above, and various modifi-
cations and alterations can be made from the disclosures
above by a person having ordinary skill in the technical field
to which the present invention pertains. Therefore, the spirit
of the present invention must not be limited to the embodi-
ments described herein, and the scope of the present invention
must be regarded as encompassing not only the claims set
forth below, but also their equivalents and variations.

The invention claimed is:

1. A complementary Colpitts voltage-controlled oscillator
comprising:

a first circuit having a first PMOS transistor, a first current

source, a first capacitor, and a second capacitor;

a second circuit having a first NMOS transistor, a second
current source, a third capacitor, and a fourth capacitor;
and

a first transformer and a second transformer arranged
between the first circuit and the second circuit,

wherein one end of a primary winding of the first trans-
former is connected with a gate electrode of the first
PMOS transistor; one end of a secondary winding of the
first transformer is connected with a drain electrode of
the first PMOS transistor; the other end of the primary
winding of the first transformer and the other end of the
secondary winding of the first transformer are connected
with a node A corresponding to an AC ground; and

wherein one end of a primary winding of the second trans-
former is connected with a gate electrode of the first
NMOS transistor; one end of a secondary winding of the
second transformer is connected with a drain electrode
of the first NMOS transistor; and the other end of the
primary winding of the second transformer and the other
end of the secondary winding of the second transformer
are connected with the node A.

2. The complementary Colpitts voltage-controlled oscilla-
tor of claim 1, wherein an input end of the first current source
is connected with one end of the first capacitor; an output end
of'the first current source is connected with a source electrode
of'the first PMOS transistor, the other end of the first capaci-
tor, and one end of the second capacitor; the other end of the
second capacitor is connected with the drain electrode of the
first PMOS transistor and the one end of the secondary wind-
ing of the first transformer; and

wherein one end of the third capacitor is connected with a
drain electrode of the first NMOS transistor and the one
end of the secondary winding of the second transformer;
an input end of the second current source is connected
with a source electrode of the first NMOS transistor, the
other end of'the third capacitor, and one end of the fourth
capacitor; an output end of the second current source is
connected with the other end of the fourth capacitor; and
one end of the third capacitor is connected with a drain
electrode of the first NMOS transistor and the other end
of the secondary winding of the second transformer.

3. The complementary Colpitts voltage-controlled oscilla-

tor of claim 2, wherein the first current source is composed as

25

35

40

45

55

8

a second PMOS transistor, a source electrode of the second
PMOS transistor corresponds to an input end of the first
current source, a drain electrode of the second PMOS tran-
sistor corresponds to an output end of the first current source,
a gate electrode of the second PMOS transistor is connected
with the node A,

and wherein the second current source is composed as a
second NMOS transistor, a drain electrode of the second
NMOS transistor corresponds to an input end of the
second current source, a source electrode of the second
PMOS transistor corresponds to an output end of the
second current source, and a gate electrode ofthe second
NMOS transistor is connected with the node A.

4. A Colpitts voltage-controlled oscillator comprising:

a first PMOS transistor and a first NMOS transistor con-
nected complementarily;

a first transformer having one end of a primary winding
thereof connected with a gate electrode of the first
PMOS transistor, having one end of a secondary wind-
ing thereof connected with a drain electrode of the first
PMOS transistor, and having the other end of the pri-
mary winding thereof and the other end of the secondary
winding thereof connected with a node A corresponding
to an AC ground; and

a second transformer having one end of a primary winding
thereof connected with a gate electrode of the first
NMOS transistor, having one end of a secondary wind-
ing thereof connected with a drain electrode of the first
NMOS transistor, and having the other end of the pri-
mary winding thereof and the other end of the secondary
winding thereof connected with the node A.

5. The Colpitts voltage-controlled oscillator of claim 4,

further comprising:

a first current source connected with a source electrode of
the first PMOS transistor and configured to supply a
current;

a second current source connected with a source electrode
of the second PMOS transistor and configured to supply
a current;

a first capacitor having one end thereof connected with an
input end of the first current source and having the other
end thereof connected with an output end of the first
current source and a source electrode of the first PMOS
transistor;

a second capacitor having one end thereof connected with
the output end of the first current source, the source
electrode of the first PMOS transistor, and the other end
of the first capacitor, and having the other end thereof
connected with a drain electrode of the PMOS transistor
and the one end of the secondary winding of the first
transformer;

athird capacitor having one end thereof connected with the
drain electrode of the first NMOS transistor and the
other end of the secondary winding of the second trans-
former, and having the other end thereof connected with
an input end of the second current source and a source
electrode of the first NMOS transistor; and

a fourth capacitor having one end thereof connected with
an input end of the second current source, the source
electrode of the first NMOS transistor, and the other end
of the third capacitor, and having the other end thereof
connected with an output end of the second current
source.



